Streptococcus pneumoniae is the most-common cause of bacterial respiratory infections, and infections by this pathogen are among those that are least likely to resolve without treatment. The pneumococcus is also a significant cause of bacteremia and meningitis, responsible prior to 2000 for approximately 3,000 cases of meningitis and 50,000 cases of bacteremia every year in the United States alone (1, 6, 13, 37) .
In 2000, the 7-valent pneumococcal polysaccharide-diphtheria CRM 197 protein conjugate vaccine (PCV7) (Prevnar; Wyeth Pharmaceuticals Inc., Philadelphia, PA) was introduced into wide pediatric use. The vaccine combines the seven most commonly invasive and often drug-resistant serotypes found in children: 19F, 14, 6B, 23F, 9V, 18C, and 4. Studies done prior to and immediately following the introduction of the vaccine showed protective efficacy against invasive disease caused by the seven vaccine (V) serotypes of 97.4% (93.9% in the intent-to-treat analysis) and 89.1% against all serotypes (4) . A serotype-specific reduction in otitis media of 57 to 66.7% was also found, although there was an increase in non-vaccine-related (NV) serotypes (4, 9) . A CDC study reported in 2003 showed statistically significant reductions in invasive disease caused by V serotypes and vaccine-related (VR) serotypes, from within the vaccine serogroups, of 78 and 50 percent, respectively (43) . Reductions were seen in all age groups, but were most prominent in children under 2 years of age. A more-recently published CDC study showed a significant reduction in invasive disease associated with penicillin-nonsusceptible strains of all V serotypes in both children and older adults, but a large increase (Ͼ200%) in the incidence of infections caused by serotype 19A (15) . Further studies have shown a "herd effect," demonstrating that the vaccination of children less than 2 years of age reduces disease in older children and adults (10, 16) . The carriage of V serotypes has been shown to fall following conjugate vaccine use, leading to a decrease in both disease caused by and transmission of V serotypes (8, 11, 22, 29) .
This study examined the serotypes and antimicrobial susceptibilities of invasive S. pneumoniae isolates collected at the University Hospitals Case Medical Center (UHCMC) from 1979 to 2004.
MATERIALS AND METHODS
The isolates tested represented sequentially collected S. pneumoniae strains isolated from blood and cerebrospinal fluid (CSF) in the clinical microbiology laboratory of the UHCMC, a 900-bed tertiary care institution, from January 1979 through December 2004. Only one isolate per patient was included in the study. The identification of each isolate was confirmed by following standard procedures (24) . Isolates were submitted to the Centers for Disease Control and Prevention (CDC) as part of the work of the Pneumococcal Surveillance Working Group from 1979 to 2000 (39) . Surveillance was continued at UHCMC from 2001 to 2004. Susceptibility testing was conducted by MIC determination by broth microdilution according to NCCLS (now CLSI)-recommended procedures (26) , using in-house or commercial (Trek, Westlake, OH) frozen microdilution trays. All isolates were tested against penicillin and a macrolide (erythromycin through 1996 and azithromycin from 1997). Clindamycin susceptibility was determined against all macrolide-resistant isolates through 1996 and against all isolates from 1997; macrolide-susceptible isolates were regarded as clindamycin-susceptible through 1996. The testing ranges (in g/ml) were as follows: penicillin, 0.015 to 8; erythromycin, 0.008 to 8; azithromycin, 0.015 to 32; and clindamycin, 0.015 to 2. Testing was done in cation-adjusted Mueller-Hinton broth supplemented with 5% lysed horse blood; inocula prepared in saline suspension equivalent to a 0.5 McFarland standard with aliquots were added to produce inoculum sizes of 3 ϫ 10 5 to 7 ϫ 10 5 CFU/ml. Periodic inoculum counts were determined during testing to ensure that the inocula remained within the acceptable range. The trays were incubated under ambient conditions at 35°C for 20 to 24 h, and the lowest concentration showing no growth read as the MIC. Macrolide-resistant, clindamycin-susceptible isolates were also tested for inducible clindamycin resistance by the erythromycin disk induction method, using erythromycin (15 g) and clindamycin (2 g) disks placed 10 mm apart (edge to edge) on plates (25, 41) . Inducible clindamycin resistance is indicated by blunting of the clindamycin zone on the side where the erythromycin disk was placed, and inducibly clindamycin-resistant isolates are interpreted as clindamycin resistant. Quality control organisms specified by CLSI, including S. pneumoniae ATCC 49619, were used (27) . The proportions of isolates that were susceptible, intermediate, and resistant to each agent were determined for the agents tested based on CLSI interpretive criteria (7, 28) . Intermediate and resistant strains were grouped as nonsusceptible for some analyses. Multidrug-resistant (MDR) strains were defined as being nonsusceptible to all three drug classes tested. Selected macrolideresistant strains were tested for the presence of erm(B) and mef(E) genes by PCR with primers and conditions previously described, with expected PCR products of 639 and 345 bp, respectively (25, (40) (41) (42) .
Serotyping was performed by capsular swelling reaction analysis using groupand type-specific antisera (CDC produced or obtained from Statenserum Institute, Copenhagen, Denmark) (18) .
Data analysis. Data were primarily analyzed by 2-year periods in relation to the 2000 introduction of PCV7. Data on the five-county greater Cleveland area served by our hospital showed that the population was stable over the study period at approximately 2.15 million people based on the 1980, 1990, and 2000 censuses and estimates for 2001 to 2004 (30) . The numbers of adult and pediatric beds were also relatively constant during the study period, so the proportions of patients in the greater Cleveland area admitted to our hospital were assumed to be constant for purposes of comparisons of incidence over time. Differences in incidence were analyzed in relation to the introduction of PCV7 in 2000, using the Poisson distribution to compare differences between observation periods; 95% confidence intervals (CI) were calculated for the Poisson estimates by the SMR exact procedure and were regarded as significant if the upper and lower bounds did not include 0 (17) . Statistical analyses of significance were determined using the Fisher exact test for small sample sizes and the Chi-square test for larger sample sizes. P values of Ͻ0.05 were regarded as significant for single comparisons and were adjusted for multiple comparisons using the Bonferroni correction by dividing 0.05 by the number of comparisons made.
Data were analyzed for the periods before and after the introduction of PCV7 to examine changes in serotype distribution overall and stratified by age. Since the vaccine was introduced in 2000, some analyses were performed without including that year. Patient ages were grouped by age as Ͻ5 years, 5 to 18 years, 19 to 65 years, and Ͼ65 years of age. Comparisons were done by age group for the years 1979 to 1999 versus 2001 to 2004. The serotypes were analyzed individually and by their relationship to PCV7, with analysis of the serotypes included in PCV7 (serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F), PCV7-related serotypes (other serotypes of serogroups 6, 9, 18, 19, and 23), and NV serotypes.
RESULTS
There were 1,655 S. pneumoniae strains collected from blood or CSF by the Clinical Microbiology Laboratory of UHCMC between January 1979 and December 2004. Seventy-two strains were isolated from CSF only, 43 from blood and CSF, 17 from blood and another site, and the remaining 1,523 from blood only. Serotypes were determined for all isolates; antimicrobial susceptibilities were determined for 1,591 isolates. (Table 1) . During this pre-PCV7 period, 74.7% of isolates were V, 10.7% VR, and 14.6% NV serotypes. Analysis by age in the pre-PCV7 period showed that 62.7% of isolates were from children (56.6% Ͻ5 years and 6.2% 5 to 18 years) and 31.8% from adults (19.1% 19 to 65 years and 12.7% Ͼ65 years). V serotypes predominated in children, with 80.6% of isolates being V, 10.1% VR, and 9.3% NV serotypes. The incidence in children under 5 years of age was constant throughout the pre-PCV7 period, except for a peak in 1987-1988 ( Fig. 1 ). Other than peaks in 1993-1994 and 1997 to 2000 in the 19-to 65-and Ͼ65-year age groups, respectively, the incidence in adults was also relatively constant throughout the pre-PCV7 period, with 65.0% of isolates being V, 11.3% VR, and 23.7% NV serotypes. The distribution of V, VR, and NV groups was constant in children but varied somewhat in adults, with V serotypes not always predominating (Fig. 1) . The predominant serotypes pre-2000 were all V serotypes, with serotype 14 accounting for 22.3%, serotype 6B for 11.6%, and serotype 19F for 10.5% of isolates. The remaining V serotypes (4, 9V, 18C, and 23F) each accounted for 5 to 10% of all isolates, while two VR serotypes (6A and 19A) accounted for 1.7 and 4.8% of all isolates, respectively.
Postvaccine period. After 2000, there was a precipitous decrease in cases of invasive pneumococcal disease overall, from 139 cases per 2-year period to 55 cases per 2-year period, representing a 61% decrease in incidence (95% CI, Ϫ49% to Ϫ70%; P Ͻ 0.001) ( Table 1 ). There was also a shift in the predominant serotypes, with serotypes 14, 19A, and 19F now the most common individual serotypes and with NV serotypes much more prevalent (Table 2) . Notably, serotype 19A increased in both incidence and proportion and serotype 3 in proportion. Serotype 19A strains increased in incidence from 4. The decrease in incidence was highest in children and was 79% overall (P Ͻ 0.001) and 84% in children Ͻ5 years old (P Ͻ 0.001); there was also a decrease of 23% in children 5 to 18 years old, but this was not statistically significant (P ϭ 0.12) (Table 1 ). In adults, the incidence decreased by 20% overall (P ϭ 0.03, 95% CI Ϫ44 to 13); when stratified by age, the decrease was 20% for adults 19 to 65 years old (P ϭ 0.052) and 19% for adults Ͼ65 years old (P ϭ 0.08). These decreases in incidence in adults did not reach statistical significance but suggested that they might become significant if the trend continued. When analyzed according to PCV7 V serotypes, the decrease in the incidence of V serotypes was statistically significant at 76% overall and 92% in children Ͻ5 years ( Table 2) . The incidence for individual V serotypes decreased 59 to 95% overall and 81 to 100% in children Ͻ5 years old, with the decreases for six of the seven V serotypes being statistically significant based on 95% CI ranges (serotypes 4, 6B, 14, 18C, 19F, and 23F) ( Table 2 ). Although the incidence of VR serotypes decreased 5% overall and 34% in children Ͻ5 years old and that of NV serotypes by 24% overall and 64% in children Ͻ5 years old, the number of cases was small and the changes were not statistically significant. The incidence of individual VR serotypes decreased 72% in children Ͻ5 years old for serotype 6A and 100% for serotypes of serogroups 9, 18, and 23. The only serotype to increase in incidence was the VR serotype 19A, which increased 87% overall and 91% in children Ͻ5 years old. However, none of these differences among VR serotypes were statistically significant. No trends in individual serotypes were noted among NV serotypes.
The proportional distribution of V, VR, and NV groups showed little overall variation prior to 2000, with overall proportions of 74%, 11%, and 15%, respectively, although some variation in proportions and in peaks and valleys between individual 2-year periods was present when data were stratified by age (Fig. 1) . After 2000, the V-serotype prevalence fell to 45% overall (P Ͻ 0.0001 versus pre-2000), 42 .1% in adults (P Ͻ 0.0001) and 47.1% in children (P Ͻ 0.03). When the age groups were further stratified to young children (age, Ͻ5 years), children and adolescents (5 to 18 years), adults (19 to 65 years), and older adults (Ͼ65), the largest difference in the prevalence of V serotypes before and after 2000 was seen in children under age 5 (P Ͻ 0.0001) ( Table 1 ). The differences between groups in the other age strata did not reach statistical significance.
Antimicrobial resistance. The antimicrobial susceptibilities for the three agents tested over the study period are summarized in Table 3 The results of analysis of the antimicrobial resistance patterns of the three agents tested are shown in Fig. 3 and Table  4 . The most-frequent resistance pattern seen was penicillin and macrolide resistant and clindamycin susceptible, with this pattern peaking in 1999-2000; most of these isolates were serotypes 14 and 19F (Table 4 ). The second-most-frequent pattern seen was penicillin intermediate and macrolide/clindamycin susceptible, with this pattern being prominent in 1987-1988 and 1995 to 2000; the associated serotypes were 14, 6B, 23F, 9V, and 19A. Penicillin-resistant, macrolide/clindamycin-susceptible isolates were prominent in 1997-1998, associated with serotypes 6B, 23F, and 9V. Twenty-five MDR isolates, intermediate or resistant to all three agents, were detected during the study period. MDR strains were first detected in 1986, associated with serotype 9V, followed by serotypes 6B, 14, 19A, and 23F. This changed after 2000, with MDR serotype 19A becoming prominent in 2004. All MDR isolates were resistant to all three agents except for three that were penicillin intermediate (serotypes 6B, 9V, and 15A).
DISCUSSION
Overall, during the course of over a quarter century of surveillance, the burden of invasive pneumococcal disease in patients at UHCMC was significant and relatively constant prior to the introduction of PCV7 in 2000, with a mean of 139 cases per 2-year period. During this period, 62.7% of cases occurred in children, 90.2% of whom were under 5 years of age and 73.2% under 2 years of age. Of the cases occurring in adults, 39.9% of patients were Ͼ65 years old. The predominant serotypes during this period were the seven serotypes included in PCV7, followed by serotypes 6A and 19A.
The incidence of invasive pneumococcal disease decreased by 61% overall after the introduction of PCV7 in 2000, with the 
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mean number of cases decreasing from 139 to 55 per 2-year period (P Ͻ 0.001). This decrease was statistically significant and was driven by the 84% decrease in children under 5 years old. A decrease of 20% was seen in adults, but this did not reach statistical significance. When changes in individual serotypes were examined, the incidence of six of the seven serotypes included in the PCV7 vaccine decreased significantly, by 86 to 100%, again driven by decreases in children Ͻ5 years old. The incidences of VR serotypes other than serotype 19A and of NV serotypes decreased somewhat as well, but these changes did not reach statistical significance. The only serotype to increase in incidence was serotype 19A, but this change also did not reach statistical significance. Nevertheless, this trend needs to be monitored, as many of the serotype 19A strains are MDR.
The association between the introduction of PCV7 and the changes in pneumococcal disease observed in the population served by our institution follows a pattern similar to that seen with the introduction of polysaccharide-conjugated Haemophilus influenzae type b (Hib) vaccines between 1985 and 1990, where the number of children with Hib bacteremia decreased from 46 in 1985 to 10 to 15 per year from 1987 through 1990, with only occasional cases after 1991, the year protein-conjugated Hib vaccines were recommended for universal use in children (38) .
Another noticeable trend over the study period was that (31) . Another noteworthy international MDR clone is Spain 23F -1, which is resistant to penicillin, chloramphenicol, and tetracycline. This clone was isolated at our institution in 1989 from the middle-ear fluid of a child with otitis media attending a day care center in the Cleveland area, All V  995  32  15  6  3  23  2  59  10  1,145  19F  140  3  -2  2  --13  3  163  14  291  7  8  1  1  2  35  5  350  6B  140  6  6  1  -4  1  3  1  162  23F  98  8  ---10  -3  1  120  9V  116  6  ---7  1  4  -134  18C  98  --2  -----100  4  112  2  1  ----1  -116   All VR  145  16  2  0  10  1  0  3  12  189  6A  56  3  1  -5  1  -3  -69  19A  32  13  1  -5  ---12  63  2 3n o tF  3  --------3  9n o tV  3 6  --------3 6  1 8n o tC  1 8  --------1 8   All NV  251  4  1  0  0  0  1  0  0  257  1  1 0  --------1 0  3  3 8  --------3 8  7  2 4  1  -------2 5   Nontypeable  6  1  -------7   Other  173  2  1  ---1  --177   Total  1,391  52  18  6  13  24  3  62  22  1,591 a -, no isolates; Susc., susceptible to all three drug classes; p, penicillin intermediate; P, penicillin resistant; M, macrolide resistant; C, clindamycin resistant.
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and 52 carriers among 250 children attending this day care center were detected (35) . The outbreak strain was shown to be the MDR Spain 23F -1 clone (21) , and this was the first recognition of the international spread of this clone to the United States. (23) . This clone has since disseminated widely, both internationally (20, 32, 44) and within the United States (19, 44) . Eight invasive isolates of 23F strains of this clone were found in our study, detected between 1996 and 1999 (data not shown).
Population-based data from the Active Bacterial Core surveillance of the Centers for Disease Control and Prevention, using data from seven U.S. geographic areas, showed that the rate of invasive pneumococcal disease dropped 29% overall, from an average of 24.3 cases per 100,000 persons in 1998 and 1999 to 17.3 per 100,000 in 2001 (43 (14) . Another study showed that as of April 2002 through March 2003, no cases of invasive V-serotype disease were seen in children Ͻ1 year of age, compared to 16 to 34 cases per year in the years before vaccine introduction, and similar reductions were seen in children Ͻ5 years of age (3) . In a study of hospitalizations and ambulatory visits of families of 40 large United States employers due to all-cause and pneumococcal pneumonia from 1997 through 2004, Zhou and coworkers found that hospitalizations and ambulatory visits due to all-cause and pneumococcal pneumonia among children younger than 2 years declined significantly, with decreases of 41.1% to 57.6% (45) . Projecting these data to the United States population, the total estimated direct medical expenditures for all-cause pneumonia-related hospitalizations and ambulatory visits of young children were reduced 45.3% (from an annual average of $688.2 million in 1997 to 1999 to $376.7 million in 2004). Our data are in agreement with changes reported in these studies of invasive pneumococcal disease related to the introduction of PCV7, although the decreases in adults did not reach statistical significance in our study.
Data from the CDC Active Bacterial Core surveillance program also measured disease caused by antibiotic-nonsusceptible pneumococci from 1996 through 2004 in eight surveillance areas (15) . The rates of invasive disease caused by penicillin-nonsusceptible strains and strains not susceptible to multiple antibiotics peaked in 1999 and decreased by 57 to 59% by 2004. Among children under 2 years of age, disease caused by penicillin-nonsusceptible strains decreased by 81%, but a 313% increase was seen in disease caused by penicillinnonsusceptible serotype 19A (from 2.0 to 8.3 per 100,000). Similar findings were made in our study, with resistance peaking in 1999 . This is particularly disturbing as these serotype 19A strains are resistant to all oral agents administered to children, including amoxicillin, oral cephalosporins, macrolides, clindamycin, and trimethoprim-sulfamethoxazole (2, 15, 31, 33, 34) .
The strengths of our study include its long period of observation in a single population, which may be unique among reports of pneumococcal disease in the United States, and the thorough examination of both resistance and serotype trends over that time period. The limitations of our study are that it was not population based and that data were analyzed assuming that the population base served by our institution was constant. As the patient population served by our hospital (that of the greater Cleveland area), the numbers of adult and pediatric beds, and the incidence of invasive pneumococcal disease in the pre-PCV7 era were relatively constant during 20 years, however, the effect of this limitation is not likely to be great. Additional limitations that may apply include variations in demographic data, including the racial and age makeup of the population, and the influence of the human immunodeficiency virus epidemic. Additionally, our study did not capture PCV7 vaccine use or antimicrobial treatment of patients, so direct correlations of these factors with the effects found cannot be made, and differentiation between primary invasive disease and treatment failure could not be assessed. However, CDC vaccination estimates for children 19 to 35 months of age show coverages for PCV7 (three doses) in Cuyahoga County, which includes about two-thirds of the population of the greater Cleveland area, of 54.0% in 2002, 67.3% in 2003, and 79.7% in 2004 (the national coverages were 40.8%, 68.1%, and 73.2% for these years) (5). Another limitation is that our institution serves proportionally more pediatric than adult patients in our area, so that children may be overrepresented in the overall effects compared to the national population-based data. Nevertheless, the trends found in our study reflect national trends, with, in fact, better vaccine efficacy than shown in population-based studies.
In conclusion, after the introduction of PCV7, the incidence of invasive pneumococcal disease precipitously decreased, associated with a decrease in the prevalence of V serotypes. This was most notable in children under 5 years old but was also apparent in all other age groups, providing possible evidence for a herd effect accompanying pediatric usage of the vaccine. However, antimicrobial resistance of S. pneumoniae emerged and, although initially decreasing after the introduction of PCV7, rose quickly thereafter, with serotype 19A strains resistant to penicillin, macrolides, and clindamycin now predominating. As these strains are resistant to all oral agents currently recommended for pediatric respiratory infections, the addition of serotype 19A to future vaccine formulations should be considered.
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